Estimates of heritabilities and genetic correlations for calving ease over parities were obtained for the Italian Piedmontese population using animal models. Field data were calving records of 50,721 firstand 44,148 second-parity females and 142,869 records of 38,213 cows of second or later parity. Calving ability was scored in five categories and analyzed using either a univariate or a bivariate linear model, treating performance over parities as different traits. The bivariate model was used to investigate the genetic relationship between first-and second-or between first-and thirdparity calving ability. All models included direct and maternal genetic effects, which were assumed to be mutually correlated. (Co)variance components were estimated using restricted maximum likelihood procedures. In the univariate analyses, the heritability for direct effects was .19 ± .01, .10 ± .01, and .08 ± .004 for first, second, and second and later parities, respectively. The heritability for maternal effects was .09 ± .01, .11 ± .01, and .05 ± .01, respectively. All genetic correlations between direct and maternal effects were negative,
Introduction
The ability to calve easily is an important trait in beef cattle and affects the profitability of herds, animal welfare, and acceptability of the production system by the consumer. Direct and indirect maternal effects influence biological aspects of calving ability (Philipsson, 1976) . 1 Eildert Groeneveld is gratefully acknowledged for the use of the VCE program.
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ranging from −.55 to −.43. Approximated standard errors of genetic correlations between direct and maternal effects ranged from .041 to .062. For multiparous cows, the fraction of total variance due to the permanent environment was greater than the maternal heritability. With bivariate models, direct heritability for first parity was smaller than the corresponding univariate estimate, ranging from .18 to .14. Maternal heritabilities were slightly higher than the corresponding univariate estimates. Genetic correlation between first and second parity was .998 ± .00 for direct effects and .913 ± .01 for maternal effects. When the bivariate model analyzed first-and third-parity calving ability, genetic correlation was .907 ± .02 for direct effects and .979 ± .01 for maternal effects. Residual correlations were low in all bivariate analyses, ranging from .13 for analysis of first and second parity to .07 for analysis of first and third parity. In conclusion, estimates of genetic correlations for calving ease in different parities obtained in this study were very high, but variance components and heritabilities were clearly heterogeneous over parities.
Rates of dystocia are higher in first parity than in later parities, probably as a result of different relative sizes of the dam and the calf (Meijering, 1986) . Some authors hypothesized heterogeneity of (co)variance components by parity for dystocia to be due to differences in the genetic nature of calving ease and suggested that calving ability in first and later parities should be considered as different traits (Cue and Hayes, 1985; Weller et al., 1988) . Reported estimates of genetic correlations for calving ability between heifers and adult cows in Holstein cattle differ greatly, but models were limited either to sire (direct) or to grandsire (maternal) effects (Thompson et al., 1981; Cue and Hayes, 1985; Weller et al., 1988) .
In Italy, the Piedmontese breed is actively selected for beef production characteristics. The muscular hypertrophy of the breed is due to a specific mutation in the myostatin coding sequence (Grobet et al., 1998) . In the last decade, concern about calving ability has increased, due to a gradual increase in incidence of dystocia (AN-ABORAPI, 1997) . Young bulls, selected for beef production ability at the end of a performance testing program, are progeny tested for calving ease on mature cows to reduce risk of dystocia in heifers. Currently, there is no defined selection and mating strategy for calving ease, and required estimates of genetic parameters for direct and maternal calving ability over different parities in Piedmontese or other double-muscled cattle breeds are not available in the literature. The objective of this study was to estimate genetic parameters for calving ease in Piedmontese cattle using an animal model and treating calving ease in different parities as different traits.
Materials and Methods

Field Data
Data used in this study were calving records of Piedmontese heifers and cows that calved from January 1989 to December 1997. Calving ability was scored by farmers and recorded by technicians visiting the farms monthly. Since 1989, calving ability has been scored in five categories: 1 (unassisted delivery), 2 (assisted easy calving), 3 (assisted difficult calving), 4 (Cesarean section), and 5 (fetotomy).
A calving record consisted of calf and dam identity codes, date of calving, sex of the calf, birth date and parity of the dam, herd code, and calving ease category. No information on the genotype at the myostatin locus was available for this study. Pedigree records were extracted from the official breed registry files of the Italian Piedmontese cattle association.
The original data were partitioned into three data sets: data Set 1 for heifers (first-parity records), data Set 2 for second-parity records, and data Set 3 for second and later parities. A total of 68,278 first-, 56,113 second-, and 159,829 second-and-later parity calving records were available before data editing. Records with incomplete information, records collected in very small herds (less than five calving records over 9 yr), and records pertaining to twin births were discarded. Pedigree checks were made to discard records of calves with missing sire, dam, maternal grandsire, and(or) granddam. To form the inverse of the relationship matrix, the pedigree was traced back for as many generations as available. A minimum of two calving records was required for each cow in data Set 3. After edits, the numbers of records were 50,721, 44,148, and 142,869 for data Sets 1, 2, and 3, respectively. Characteristics of data sets after editing are in Table 1 . Most sires had fewer than 11 calves, and a great number of maternal grandsires had fewer than 10 daughters. The percentages of cows for whom calving ease was recorded at their birth were 10.5, 8.8, and 22.6% for data Sets 1, 2, and 3, respectively.
Two additional data sets were created to investigate the relationship between the calving ability of first and later parities. Such analyses were performed either considering females that calved in the same herd as a heifer and as a second-parity cow, or females that calved in the same herd as a heifer and as a third-parity cow. There were 34,476 heifers (139,723 animals in pedigree file) with also a second-parity record and 23,869 heifers (105,833 animals in pedigree file) with a third-parity record in the same herd.
Linear Models
The method of choice in the analysis of categorical traits is the threshold model. However, in this study, preference was given to the use of linear models because routines for estimating the genetic correlation between the calving ability of heifers and that of cows by a bivariate threshold animal model with both direct and maternal effects included were not readily available. To avoid the use of different methodologies, univariate analyses were also performed with linear models.
Variance components were estimated using the software package VCE (Neumaier and Groeneveld, 1998), which uses restricted maximum likelihood implementing a quasi-Newton optimization algorithm on the Cholesky factor of the covariance matrices.
Model 1 was used in univariate analysis for calving ability of heifers and second-parity cows:
where y is a vector of calving ease scores, b is a vector of nongenetic fixed effects, u d is an unknown random vector of additive direct genetic effects, u m is an unknown random vector of additive maternal genetic effects, and e is an unknown random vector of residuals. The terms X, Z d , and Z m are known incidence matrices relating calving ease records to b, u d , and u m , respectively. The distributional assumption about the random terms of the model was 
Model 2 was based on Model 1 and was extended to include permanent environment effects in univariate analysis of second and later parities data (data Set 3): 
Model 3 was a bivariate animal model used to investigate the relationship between the calving ability of first and later parities: 
) is the additive direct genetic variance for heifers' (cows') calving ability, σ
dm ) is the additive genetic covariance between direct and maternal effects in heifers (cows), σ (hc) d is the covariance between heifers' and cows' additive direct genetic effects, σ (hc) m is the covariance between heifers' and cows' additive maternal genetic effects, σ (hc) dm is the covariance between heifers' additive direct and cows' additive maternal genetic effects, σ (ch) dm is the covariance between cows' additive direct and heifers' additive maternal genetic effects, σ 2(h) e (σ 2(c) e ) is the residual variance for calving ability in heifers (cows), and σ (hc) e is the residual covariance between calving ease records of an animal calving as a heifer and as a cow, I is an identity matrix, and ⊗ denotes the Kronecker product (Searle, 1982) .
Heritability for direct and maternal effects was computed, respectively, as
and
Standard errors (SE) for estimates of heritabilities were approximated using the following formula (Falconer, 1989) :
where t is the intraclass correlation approximated by h 2 / 4 for paternal half-sib estimates, k is the average number of offspring per sire, and s is the number of sires. Standard errors for maternal heritability estimates were computed using the same formula but replacing s with the number of maternal grandsires and k with the average number of daughters per maternal grandsire. Approximated SE for estimates of genetic correlations were computed using the following formula (Falconer, 1989) :
where r g is the estimated genetic correlation, ĥ 
Nongenetic Fixed Effects
Nongenetic effects considered in mixed models were from preliminary analyses based on the generalized linear model procedure of SAS (SAS, 1990 ). Due to small herd size, the effects of herd and year-season of calving were fitted as separate effects in univariate analysis of heifers and second-parity cows' calving ability and in all bivariate models. For these analyses, the effect of a herd was then assumed to be unchanged across years and seasons. Two seasons of calving, from November to April and from May to October, were defined. Besides herd and year-season effects, univariate analysis of heifers and second-parity calving ability (Model 1) considered the effect of the calf sex, age at parturition of the dam (eight classes from 21 to 37 mo in heifers, 15 classes from 31 to 67 mo in second-parity cows), and the interaction between sex of the calf and age class of the dam. Model 2 accounted for the fixed effects of herd-year-season, age at calving within parity, and sex of the calf. Due to the presence of small-sized herds, the herd-year-season effect was defined using a flexible classification system. For a small herd (less than 60 calving observations over 9 yr), the herd-year-season class included all available observations for that herd (i.e., it was a herd effect). For a herd of medium size (from 60 to 120 calving records in nine years), the herd-year-season class included all calvings that occurred in a year (herd-year effect). For herds having more than 120 calving observations in 9 yr, two seasons of calving were considered: from November to April and from May to October (herd-year-season effect). Nongenetic effects included in bivariate models (Model 3) were the same effects as considered in the univariate analysis of heifers' calving scores. Because different calvings for a cow occurred in different years and seasons and originated calves that might have differed in sex, models used in bivariate analysis had unequal design with respect to the definition of year-season and sex-age of the dam effects for different parities of the same cow.
Results and Discussion
Univariate Analyses
The frequency distribution of calving ease categories by parity is reported in Table 2 . The incidence of dystocia (assisted difficult calvings, Cesarean sections, and fetotomy) was twice as high in heifers as in later-parity cows and Cesarean sections were carried out three times more frequently when heifers calved. Occurrence of calving difficulties in second-parity cows was similar to that in older cows.
Estimates of variance components and related parameters obtained performing univariate analysis of calving records are presented in Table 3 . Estimated heritabilities and correlations were within the range of values reported in the literature and approximated SE of parameters were rather low.
The analysis of calving ability for Piedmontese cows yielded variance estimates that were consistently smaller than those obtained for heifers. Particularly, variance and heritability of direct genetic effects exhibited a marked decrease from the analysis of heifers to that of cows. For second-parity females, direct and maternal variances were similar and corresponding heritabilities were comparable in size to the heritability of maternal effects for heifers. When variance components were estimated after pooling records of second and later parities, heritabilities were even smaller than those computed using only records of second-parity females. The magnitude of maternal heritability was halved when compared with the corresponding estimate obtained for heifers or cows at second calving. Differences in magnitude of heritabilities over parities are likely associated with higher incidence of difficult calvings experienced by heifers than by cows. A possible biological explanation for such differences considers the interaction between the size of the calf and the area of the pelvic inlet of the dam. Meijering (1986) pointed out that the ratio between calf size and pelvic dimensions is more critical in heifers than in cows. Indeed, the area of the pelvic inlet increases with parity relatively more than calf size does (Menissier, 1975) , causing a more favorable ratio of calf size to pelvic dimensions in cows than in heifers. Differences in variance observed between heifers and cows might also be explained by a higher fraction of dams being relatively immature at first calving than at later calvings. Gregory et al. (1995a,b) reported estimates of direct heritability for calving ease in beef cattle to be higher for calves born to 2-yr-old dams than for calves born to older dams. Also, most studies dealing with calving ease scores in dairy cattle reported higher estimates of heritability for heifers than for cows.
Studies by Thompson et al. (1981) and Groen et al. (1998) reported additive genetic variance due to direct effects to be greater than that due to maternal effects in Holstein Friesian cattle, but Cue and Hayes (1985) and Cue et al. (1990) found direct genetic variance in Holstein heifers to be slightly smaller than the maternal variance. In beef cattle, Varona et al. (1999) used an animal model to estimate variance components for calving difficulties in American Gelbvieh first-parity females obtaining a larger variance for direct than for maternal effects. With no partitioning of data by parity, Trus and Wilton (1988) obtained estimates of direct variance and heritability that were greater than maternal estimates for Angus, Hereford, and Charolais but smaller for Simmental. Furthermore, Burfening et al. (1981) estimated, for 2-yr-old Simmental heifers, a maternal component larger than the variance due to direct effects. In a comprehensive review, Koots et al. (1994a) averaged estimates of heritability for calving ability (percentage of unassisted calvings) over a number of studies obtaining a value of direct heritability higher for cows than for heifers and a value of maternal heritability that was identical for cows and heifers. Most studies that defined calving ease as a binary trait obtained similar results (Weller et al., 1988; Lin et al., 1989) .
Estimated heritabilities obtained in the present study were lower than those reported by Trus and Wilton (1988) for five beef breeds but were higher than the estimates computed by Kemp et al. (1988) in Simmental cattle or by McGuirk et al. (1998) for some beef breeds used in crossbreeding with Holstein cows. Factors that might explain such differences include breed, trait definition, model, and method of estimation. Koots et al. (1994a,b) showed that differences in estimated parameters for calving ability across studies were significantly affected by breed, country in which the animals were raised, data origin (experimental or field data), and sex. Because they are estimates of variance prior to selection, animal model estimates of heritability are expected to be higher than estimates based on sire or sire-maternal grandsire models. Koots et al. (1994a) pointed out that lack of selection, insufficient pedigree information for tracing back to the unselected base population, or better statistical models fitted may cause failure of animal models in yielding estimates greater than those from other estimation methods. Varona et al. (1999) used both a linear and a threshold animal model to estimate variance components for calving difficulties in American Gelbvieh cattle. They considered only first-parity calving ability and obtained heritabilities very similar to the ones estimated for Piedmontese heifers in the present study.
Estimated genetic covariances between direct and maternal genetic effects were negative both for heifers and cows. As a consequence, all genetic correlations between direct and maternal effects were negative, ranging from −.43 to −.55. These results indicate that antagonistic relationships exist between calving ease as a trait of the calf and as a trait of the dam and that, from a genetic point of view, female calves born more easily are expected to exhibit greater difficulties when giving birth as dams. A number of studies reported antagonistic genetic relationships between direct and maternal effects on calving ease in dairy (Dwyer et al., 1986; Groen et al., 1995) and beef cattle (Burfening et al., 1981; Trus and Wilton, 1988; Cubas et al., 1991) . Few studies have reported null or synergic relationships between direct and maternal effects. Groen et al. (1998) estimated a large positive genetic correlation from calving data with no directional mating of virgin heifers to low-risk sires, and Cue and Hayes (1985) reported a correlation close to zero for multiparous cows.
Biological aspects of the relationship between direct and indirect effects on calving ease have been discussed by Thompson et al. (1981) and Meijering (1986) , who suggested that female calves of small size are likely to be born easily but may experience more difficult calvings when giving birth because of reduced pelvic dimensions. Kriese et al. (1994) estimated additive genetic correlation between male d-320 pelvic measurements and calving ease scores of 2-yr-old females from data of nine breeds and three composite populations, and they suggested that an increase of pelvic measurements in male contemporaries would result in a small to moderate decrease of calving difficulty in females. Robinson (1996) reported that negative estimates of correlations between direct and maternal effects might be a result of ignoring variation due to sire × herd or sire × year interaction. In this study, due to the specific structure of the data, investigating the effects of such interactions was not feasible.
Evidence of antagonistic genetic relationships between direct and maternal effects is a complicating factor in the optimization of breeding strategies for calving ability. Genetic gain resulting from selection on merit for only one component of calving ability-for example, direct effects-can be counteracted to some extent by the negative response in the maternal calving ability. Further, direct and maternal effects exhibit differences in rate and timing of expression of genetic superiority of sires, which give rise to differences in relative economic values. Hence, selection for both genetic components of calving ability using an index with proper weighing of direct and maternal effects (Dekkers, 1994 ) seems a good strategy.
The current selection goal for the Piedmontese population is the improvement of the efficiency of beef production, which depends, to a large extent, on growth rate and muscularity. A number of studies reported antagonistic genetic relationships between calving ability and beef production traits.The expected biological consequence of selection on direct merit for calving ability is a reduction of birth weight, which is reported to be correlated to is the direct genetic variance for first parity, σ
is the maternal genetic variance for first parity, σ
is the direct genetic variance for second or third parity, σ 2(c) m is the maternal genetic variance for second or third parity, σ (h) dm is the genetic covariance between direct and maternal effects for first parity, σ (c) dm is the genetic covariance between direct and maternal effects for second or third parity, σ
is the genetic covariance between direct effects for first parity and direct effects for second or third parity, σ (hc) m is the genetic covariance between maternal effects for first parity and maternal effects for second or third parity, σ (hc) dm is the genetic covariance between direct effects for first parity and maternal effects for second or third parity, and σ (ch) dm is the genetic covariance between direct effects for second or third parity and maternal effects for first parity.
growth rate, and calf conformation. Hence, definition of breeding strategies for the Piedmontese population will require knowledge of the relationships between direct and maternal calving ability and traits that define efficiency of beef production.
Bivariate Analyses
Genetic and residual variance components obtained with bivariate models treating calving ability for different parities as different traits are presented in Tables  4 and 5 , respectively. Because such analyses were very demanding in terms of both computing time and memory requirements, they were limited to heifers that also had a second calving record or to heifers that calved also as a third-parity cow in the same herd. This constraint reduced the size of the analysis and computer memory requirements.
With the exception of direct genetic variance for firstcalving ability, bivariate analysis of first-and secondparity calving ability yielded additive genetic variances that were greater than the corresponding estimates obtained in univariate analyses. Genetic covariances between direct and maternal effects were more negative than the corresponding univariate estimates for both first-and second-parity calving ability. Estimates of first-parity genetic variances from bivariate analysis of first-and third-parity calving ability were smaller than the univariate estimates, whereas the genetic covariance between direct and maternal effect for first parity was, in absolute value, lower than the one estimated in the univariate analysis.
Estimates of residual correlations were .13 for first and second parity and .07 for first and third parity. Even though the magnitude of residual correlations was small, not accounting for such correlations in bivariate models would have biased the estimated genetic correlations.
Heritabilities and genetic correlations obtained using bivariate models are presented in Table 6 . Analysis of first-and second-parity calving ability yielded direct heritability for first-parity calving ease that was slightly smaller than that obtained with univariate models, but other heritability estimates were slightly greater than univariate estimates. Changes in heritability estimates were not a result of consistent changes in either the estimated genetic and(or) residual variance components.
Direct heritability for first-parity calving ease was .14 when the bivariate model was applied to first-and thirdparity calving performance. This value was much lower than the corresponding estimate obtained with the univariate model. This difference might be partly explained by the change in the data structure that occurred when the bivariate analysis was performed. That change was more important for analysis of first-and third-parity records than for analysis of first-and second-parity calving ability. Selection decisions are not expected to be influenced by differences in parameter estimates obtained with univariate and bivariate models.
Genetic correlations between direct and maternal effects were negative and very similar to those obtained in the univariate analysis. Genetic correlations between direct effects for first and second parity and for first and third parity were .998 and .907, respectively, suggesting that the same genes are involved in the control of direct calving ability of heifers and cows. Thus, ranking of sires for direct effects on cows calving ability is expected to be very similar to that based on calving ability of heifers. Because of a lower heritability, the accuracy of genetic evaluations of sires for direct effects based on the calving (h) dm is the genetic correlation between direct and maternal effects for first parity, r (c) dm is the genetic correlation between direct and maternal effects for second or third parity, r (hc) d is the genetic correlation between direct effects for first parity and direct effects for second or third parity, r (hc) m is the genetic correlation between maternal effects for first parity and maternal effects for second or third parity, r (hc) dm is the genetic correlation between direct effects for first parity and maternal effects for second or third parity, and r (ch) dm is the genetic correlation between direct effects for second or third parity and maternal effects for first parity. ability of cows is reduced relative to evaluations based on the calving ability of heifers.
Progeny testing of young bulls for calving ability on adult females, which is widely practiced on the Piedmontese population to reduce risks of calving problems in heifers, might have affected the estimate of the genetic correlation between direct effects over parities obtained in this study. Such matings are expected to reduce the incidence of difficult calvings and, as a consequence, to reduce variance of calving ease in heifers. This has an immediate effect on correlations among parities.
Estimates of genetic correlations between parities are scarce and limited to sire models. Thompson et al. (1981) and Cue and Hayes (1985) investigated the relationship between direct effects for Holstein heifers and cows using a linear sire model and reported a correlation between direct effects of .84 and .995, respectively. Lower estimates were obtained by Cue (1990) , who investigated genetic aspects of calving ease over parities in Ayrshire cattle. Weller et al. (1988) reported low correlations between first-and later-parity sire evaluations for calving ease in Israeli Holsteins either when using a threshold or a linear model analysis.
Genetic relationships between maternal effects over parities were high and correlations ranged from .91 for first and second parity to .98 for first and third parity. These results suggest that the prediction of breeding values for maternal effects using performance of firstparity daughters would more quickly provide the same information provided by daughters at later calvings.
Implications
Animal model estimates of genetic parameters for calving ease have been obtained for the Piedmontese population taking into account both direct and maternal effects. These estimates are the basis for the genetic evaluation of calving ability for the Italian Piedmontese population. Values of heritability and genetic variances obtained in this study indicate that reducing calving difficulties by selection is feasible. Genetic correlations for calving ability in different parities were very high, but variance components and heritabilities were heterogeneous between heifers and cows. This implies that evaluation of sires for calving ease should be performed treating calving ability in first parity as a trait different from calving ability in later parities. Specific breeding strategies, taking into account the genetic antagonism between direct and maternal effects and also involving beef production traits, need to be identified.
